S

" Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030012-3 - -

o~

* THE INFLUENCE OF THE GAS ATMOSPHERE AND
- COMPACTING PRESSURE ON REACTIONS
N THE SOLID STATE

VLG.‘ ,fjlenriéht

B

K (

Zeltschrnft far Elektrochemae, 58, 3 (1954)‘ 183 - 196

(From German)

July 1955 | o

PRV

. Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030012-3 -



@

Approved For Release 2007/10/23 : CIA-RDP78-0486A‘I’A000400030012-3

25X1

THE _INFLU]&X\}CE OF THE GAS ATMOSPHERE AND COMPACTING
PRESSURE ON_ REACTIONS IN THE SOLID STALE,
G. Henrich,

Zeitsohrift fur Elektrochemie, 58, 3 (195L) 183-196.

(From German)

To exemine the influence of foreign gases and possible contact

~effects, on the rcaction velocities of solids, an apparatus is

deseribed in which the progress of reactions with time in the solid
state can be followed in specific gas atmospheres. This apparatus

has beéen used to investipate the temperature dependence of a number

of spinel reactions in nitrogen as well as the influencé of the
compacting pressure, the particle size, the degree of mixing of
different foreign gases (O H CO,, 50, 2nd NHa) and vacuum on

vthe reactlon velocity.

The compact:.ng pressure acts in three, clearly distinct
different ways, which to some extent overlap. The particle size
( of Al 0 )ln the system ZnO/Al 0 has practically ne influence

" on the react:.on velocity .O promo“ces the reaction MgO + Gr O

very con31dorably, even in sllght traces, which is explalned by
the intermediate formation of MgGrOh'. * Whilst O has no effect in

the Sys‘cemMgO/Al 0 o’ ~the'réaction MgO + Fe s is markedly
inhibited by O 2’ for which the repression of the thermal
dissociation of FeQOB may be made regponsible. " H and NH
exercise no influence in the system MgO/AléOé. Whereas CO is
without visible.effect in the system MgO/Al 0 8’ this gas a'tmosphez'e
in the s_futem ZnO/A.l 0 a_pprec:Lably accelcra‘bes the reaction
veloc:.ty. SOac.onsn.de,rably promotes the ;:eact:.on in the system
MgO/AlQOs. No definite proof was obtained of any variation of"

the reaction velocity in a vacuun,

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030012-3



Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030012-3

-D
¥
In a lorge number of investigations, Hedvall (15-22), Forestier
28-14, 30, 31, 37), Huttig (24, 25), Fricke (4) and other authors
3, 38) have aealt with the problem of the influence exerted on
reactions in the zolid state by the compacting pressure and foreign .
gases, A reliable interpretation of the experimental results is
obviously prevented by the difficulty of varying only one of the
differcnt possible experimental conditions at a time. As these 1
relationships have not yet been adequately eclarified, the present
Anvestigation is intended to provide a contribution towards this end.
The systems which have been selected for this are distinguished for
their ummistekable chemical reactions and for the simple methods of
determination,

These requirements are sufficlently closely satisfied by the
spinel systems consisting of thc components MgQ, Zn0, and Cd0, as well
ag CraOa, Alaoa-and anoa. A1l the systems obtained with these
components.haVc been investigated, with the exception of zinc ferrite
and cadmium ferrite, )

A, Starting substances and experimental method.

I, Starting,substances., ‘ "
L. Magnesium oxide.

The basic maghesium carbonste p.a, of Merck was igniﬁed tightly
pressed in a crucible furnace at first for 1 hour-at.500 - 600°C and
then for 24 hours at 1100-1200°C. . Ixemination for impurities showed
the absence of detectable quantities of halogen, sulphate. and heavy
metals and less than 0.1% of sodium.  Under the microscope with a
magnification of 500 small, transparent, often regular erystals
with a diameter of about 24 were to be seen.

2. Zinc oxide,

Zinc oxide p.a. of Merck, when exsmined for impurilies, showed
substantially the seme results as magnesium oxide, For sintering,
the product was pressed tizhtly in a clay crucible and ignited for
8-10 hours at 1100°C, during which it sintered,its volume being
reduced by about 1/4. Microscopic determination of particle size gave o
a mean diemeter of 26 . , v &

3, Cadmium oxide,

Cadmium acetate p.a. of Merck was precipitated with ammonium
carbonate; the CACO_ was filtercd, dried and slowly decomposed in a
crucible furnace. ® The resulting €O wos ignited for 8 hours at
800°C, sintering together to form a chocolate brown core. A higher
sintering temperature was not selected because of the appreciable
evaporation of Cd0 which occurs at 900°C according to equation (14).

-
For References, sce end,
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L.  Aluminium oxide,

Merck's Brockman aluminium oxide was used as starting material,
"In order to rcmove some alkali content, which it possesses according
to manufacturcr's statements, it was boiled for 1 hour with 2n
hydrochloric acid with vigorous agitation, filtercd at the pump,
washed and dried. It vas then sintered for 12-15 hours at 1100°C,

- Under the microscope, all particle sizes between 5 and 100
were found in fairly uniform distribution.

e Iron oxide,

"Fe O according to Brandt" was used as starting substance,
and this®wds ignited in a clay crucible for 10 hours at 1100°C.
' The colour changed from reddish brown to bluish gray; the product
' sintered to about 1/3 of its original volume to a solid coie.
After grinding in a mortar, black particles with a mean diameter
of L=7u were mostly-to be seen when examined under the microscopes

* & Chromium oxide.
“Purest” chromium oxide of Merck was ignited for 10 hours at
1150°C in a current of purified nitrogen. Externally, no

sintering was obscrved, The colour became somewhat darker. The
mean porticle size, determined under the microscope was about 24t

Il. Preparation of the mixtures and compressed

compacts,
L. Mixing, '

Mixing of the substances, weighed out in the desired
proportions, took place in a "Multimix" made by the firm of Braum.
This apparatus was found to be cxtremely useful in the present
work, and can be highly recommended whercver there is a need for
mixing powders as intimately and homogeneously as possible,

A certain, truly not very great disadvantage of the "Multimix", is
" ite tendency to grind, which for some experiments cannot be
disregarded, '

- 2. Pressing,

Pressing of the compacts wag effected in a hydraulic
.- laboratory press.. Thé cylindrical moulds used had-a diameter of
11,0 mm, , by means of which compacts up to pressurcs of 12.5 t/cm
could be made, On each pressing stroke, there wos a waiting time

of one minute to allow equilibrium to become cstablished.

_ Since it was found In the first pressing experiments that the
compacts usually broke in two when removed from the press, all the

. compucts. were broken through the cuntre and were subjected to
rcaction as half compactss

The weaght of a compact was about 7=-8 Mval.

The compacting pressurc is indicoted in the individual reactions.
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11T, Apparatus,

All the reactions were carried out in a 3ilit rod furnace
(current 10 amp., power 2 kW), 4 5ilit rods A (see Figure 1)
were used as heating rods. The regulating thermocouple C which
was in a porcelain tube D, was introduced into the furnace from
“the end, so that the free junction E was dircctly adjacert a
Silit rod,the regulation of the temperature being thus as free
from incrtia as possible. The furnace temperature could be kept
constant to + 5°C, The hard porcelain heating tube B (internal
diameter 30 mm, length 650 mm) was glazed at both ends tc glass
tubes I and G. The glazed-on tubes terminated at either end in
a ground sleeve 3 1 and 3 2, The ground inner piece oconnected to
S 1 carried a glass tube H (10 mm diameter) projecting into the

" ground Jjoint and having glazed to it a porcelain tube I, which
served for recciving thce measuring thermocouple, The Jjunction of
this thermocouple lay in the micddle of the heating tube scmewhat
above the centre. Between S 1 and the glazed joint was a
shortened pressurc gauge J and the gas inlet K provided with a
cock, Figure 2 shows the ground - joint attachment for S 2.

The porcelain tube L could be pushed in the guide support M, a
piece of vacuum tubing N serving as gas seal, This porcelain
tube L served to carry a 3 mm thick iron wire O, to the front end
of which was rivetted a round scraper P, 12 mm in dlameter.

The gas seal between L and O was also provided by a piece of

‘vacuuwn tubing. The glass wall U was fused as flat as possible
to provide a good view into the interior of the tube,

IV, Gas purification,

Mest of the experiments were carried out in an atmosphere of
nitrogen. In some cases, ordinsry comercial nitrogen containing
3«42, oxygen was used, in others a nitrogen purified from oxygen
and having an oxygen content of less than 10-3%,

Purifiication of the nitrogen was carried out by the method
of Meyer and Ronge (32). For adsorbing any oil vapour which
could interfere with the catalytic effect of the active copper, a
vessel containing silica-gel was inserted between the bomb and the
Meyer-Ronge tower (referred to in what follows as the M<R tower).

After the oxygen absorption, the gas passed through a
washbottle containing concentrated sulphuric acid, which served at
the same time as bubble counter; i1t then passed through a
Fresenius drying towcr containing silica-gel, and finally thrqugh
a drying tower filled with alternate layers of phosphorus
pentoxide and glass wool,

In reactions in a current of hydrogen, the gas was also
purified in the manncr described, whilst all the other gases entercd
the sulphuric acid bottle directly, but otherwise passed through the
same drying process; only in the cosc of ammonia, drying was donc
by means of sode lime.

¥V, Carrying out_the experiments,

The experiments were all carried out as follows: The compacts,
broken in two in the middle, were placed with the fracture on the
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support (a 20 x 70 mm picce of ashbestos card 6 mm thick) and then
the support with the compacts was pushed just behind:the plazed
Joint at Ra The temperature at that point was 150-200°C, the
stbstancc being thercby freed from any superficial moisture.
After closing the furnace, the ground joint attachment T was
placed in position and the gas was passed through for aboub % to 1
hour, whereupon by:means of the seraper, the support with the
compacts was introduced into the hot zone of the furnace.

At the appropriate times, whilst obscrving through the glass
window U, a compact could be drawn off the support and placed in the
ground Joint attachment Te After completion of the experiments,
the ground joint attachment was removed and the compacts analysed
by the method described in the next section.

It was in this way possible to allow the entirc rcaction to
proceed to conclusion in a definite gas atmosphere.

VI. Avalytical method.

In the analytical investigation of the compacts after the
reaction for determining the percentage conversion it was important
to determinc, in addition to the acid=-insoluble MCQO3 and spinel,

*

also the acid-soluble MeO . As proliminary experiments had shown
that even highly ignited MeO, if powdered finely cnough, dissolves
quantitatively in 0.1 n«hydrochloric acid when heated on the water
bath for half an hour, the following method wis adopted for analysing
the compacts: .

-4 suitable weighing, containing about 3-i Mval free MeO, was
heated in a 300 ml Erlemmeyer flask for 30 minutes with 50 ml Q.1
n-hydrochloric acid on a well-boiling water bath, with frequent

. ghaking. It was then filtercd at once hot from the insoluble
residue (spinel + Me O } and the excess hydrochloric acid in the
‘filtrate was titreted Back with 0.1 n-sodium hydroxide.

To prove the accuracy of this mecthod, 9 reaction determinations
by this method were carried out on an intimate mixture of MgO and
Alaoa, which had been heated for 13 hours at 1100°C. A mean

value of 68,2% was obtaincd with a maximum crror of * 0.5% .

This relatively large error must bc accopted in this rcaction
determination. As shown by a few preliminary experiments, it is
‘partly due to the fact that a certain uncontrollable quantity of
acid is consumed by the spinel and by MeBOa. There is, furthermore,

the possibility that some acid may be lost in digesting and filtering.
The content of MeQ in the starting mixturc,uéﬁc so called "zero

~ value" was thercfore not calculated from the weighed qguantity, but
= was. titrated in the same way as the compacts ‘after reaction.

: An error in the reaction determination of * 0.5% is furthermore
substantially less than the reproducibility of the rcaction, which is

3
’ MeQ denotes the divalent oxide and Meaos the trivalent oxide.
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generally not more than * 1% and is of'ten worsc than 2%,

The fluctuations are poarticularly high at the commencement of the

reaction, where the scaticr of the values iz not infrequently -
about * 5%. This is easily understood since at the commencement

of & reaction, the spinel is in a very active state, so that it

may be dissolved by the ceid to some cxtent.

B, Experimental results.

I. Reaction MgQ + CrQOs

e e i o A .t & o s Mirn wnm

B

For meking the mixturc, the preparations of Mgl and CrQOa

described above were mixed in stoichiometric proportions.
The compacting pressure was 3,13 t/me, ¢xcept of course the
experiments in B.T.k.

1.___Reaction in nitrogen atmosphere,

Figure 3 shows the values obtained plotted against time.

The hardness of the compacts increased very rapidly as the -
reaction proceeded; whereas the non-ignited compacts could be
crushed very easily, this was possible only with d@ifficulty for
a conversion of &0% . The colour changed with progressing .
conversion from chrome green to grey green.

2. Influcnce of the compacting pressure.

. To determine the dependence of this reaction om the
compacting pressure, compacts were pressed at different pressures
and were exposcd to the same temperature for the same times.

The experimental results are plotted i Figure L. The
valucs of Figure ha, as well as curve 1 in Pigurc 4b, show the
results of . experiments in a nitrogen atmosphere, whilst curve 2
in Figurc 4b shows the results of a reaction in a vecuum, carried
out by degassing for onc hour before the compacts were pushed into
the hot furnace, so as to remove the last traces of air from the
rcaction chamber,

Curve 3 in Figure 4b shows the results of compacting
pressure experiments with a fresh mixture, in which sintered
CrQOa was replaced by the unsintered oxide. ) -

The reesons for making experiments -8 and 9 are cxplained in
the discussion of the experimental resultse

3e__Influence of oxygen.

The experiments in Figure 5 and curve 3 in Figure 6 were carried
out in an atmosphere of nitrogen in the prescnce of 3-hdh of oxygen.
For. this purpose, the commercial nitrogen was not first freed from
oxygen in a M~R towcr, but merely dried in the usual way and passed
into the furnacc. In the cxperiments shown in curves L4 and 5 of
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of Figure 6, this commercial oxygen was mixed at a T-piece in the
desired proportions by volume with nitrogen from the M-R tower.
In curves 1 and 2, a currcnt of dried oxygen and a current of
dried air werc uscd, respectively, as gas atmosphere, the air
being taken from a compresscd air generator. In the bracketed
values of curves 1 and 2, a loose powdeér mixture was Used, not a

 compact. In all the other cxperiments, the compacts were
pressed at 3.13 t/cm®, '

L. Reaction in a vacuum,

The cxperiments in a vacuum had to be made with the pump
ruming, since the frequent movement of the porcelain tube
L and the wire O made it impossible to maintain the vacuum when
the pump was stopped. Since leakage in of gas could occur at
the most at the movable parts at L and O, any gas which might
perhaps find its way into the apparatus could not come into
contact with the compacts, since it would be drawn off at once at
the pump connection Q. In addition, with this arrangement, any
vapours from grease, c.g. on inserting the greased porcelain tube
into the furnace, were pumpcd off at once.

The results of the reactions in 4 vacuum are shown in
Figure 7. ‘

With regard to the experiments in a vacuum it should also be
remarked that sintering in a vacuum appears to proceed more slowly
than in a nitrogen atmospherc. The hardness of the compacts
after the rcaction was much less than with correésponding ccmpacts
with the same conversion, but prepared in nitrogen. A
quantitative statement cannot be made, since there was no micro-
hardness tester available.

II. Reaction Zn0 + Cx-gO3

s _Reoction in nitrogen atmosphere..

Weighings of Zn0 and CrSOs with the molar ratio 1 : 1 werc

mixed in the usual way and compacts were made under a pressure of
2.5 t/cm?, The results of the experiments, all of which were
made in a nitrogen atmosphere, are shown graphically in Figure 8.

The external appearance of thc compacts after the reaction
were the samc for colour and hardness as in the system MgO/CrQOs.

2. Influence of compacting pressure.

The results of the investigation into the effects of compacting
pressure in the system ZnO/'CrSOa are shown in Figure 9, curve 2.
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TIII, Reaction Cd0 + CraOa

| T —— o o i PRI SR

1. _Reaction in nitrogen atmosphere.

In this system also, the molar ratio was 1 : 1. Compacts
pressed at 1.25 t/em? were made from the mixture prepared in the
"Multimix",  Figurc 10 shows the results of the investigation
in an atmosphere of nitrogen.

As shown by the peculiar "negative” conversion values at
the commencement of the rcaction, the analytical mcthod employed
is too inaccurate for this system. This is due to the fact
that the cadmium=-chromiume-spinel formed in the nascent state at
a low temperatures is also dissolved by hydrochloric acid, so
that a larger quantity of hydrochloric acid is used than
corresponds to the zero value, thus giving the apoearance of a
negative conversion. In Figure 10, the probably real conversion
valucs have been extrapolated with rcfercnce to the usual forms
of the curves,

The colour of the final spincl is chromium~green with a
yellowish tinge.

2s. Influcnce of compacting pressurc.

The results of echrimcnts carried out in the usual way for
examining the effect of compacting pressure are shown in
Figure 9, curve 4.

IV. Reaction Mg0O + AlgOa

1. Reaction in nitrogen atmosphcrc.

The mixturc wus prepared in the usual waye The compacting
pressurc was 2.5 t/em® in all cascs. The AIQO3 preparation

employed was a sieve fraction with an average particle size of 4Ou

In this system, the determination of the conversion was
modificd by titrating the excess of hydrochloric acid dircetly in
the suspension after the water bath treatment, without filtering
© from the solid residue. It is true that the colour change is not
so easy to recognisc in this suspcnsion, but the resulting

.

accuracy is perfectly adequate for the purpose of the determinations.

Figurc 11 shows the results of the cxperiments in an
atmosphere of nitrogen.

2e  Influence of compacting prussure.

As Eefore, compacts compressed under different pressures were
heated togcther with the loose powder mixzture (p = O t/cm?® ) at

the same timc to the same temperature., Figure 9 shows thc results,
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2o Influence of oxygen..

It was of intcrest to see whether in the system MgO/Al 0 o

which unlike thc system MgO/Or 0 o is chemiecally inert to oxygen,
the oxygen content of the a.tmosphgre cxerted any cffect on the
reaction velocity. For this purpose, reactions were carricd out
in gas atmospheres of different oxygen contents; the results are
shown in Figure 11,

4. Influence of hydrogen.

Since the system 1\/.L¢g,O/A:}_QO‘a was the only one of those

investigated which is chemically inert to hydrogen at the

reaction temperaturcs employed, it was possible in this case to
ascertain whether the reaction proceeds at a different velocity
in an atmosphere of hydrogen from that in a nitrogen atmosphere,

The results of these experiments are also shown in Pigure 11.

2s  Reaction in a vacuum.

Pigurc 41 also shows the results of experiménts in a vacuum;
the cxperimental conditions are given in By L.k,

In these investigations, a striking obscrvation was made:
When the hot compacts were removed from the furnace and placed in
the attachment T, the originally purc white compacts became dark
blue grey in colour. To ascertain whether a different compound
had been formed, this product which surrounded the campact in a
thin layer 0.1-0,2 mm thick, was scraped off and an X-ray
photograph was made of 1it. No lines other than those of Mg0,
Alnoa and I‘/Ig,A]_ﬁOZF were {ound,

On ignition in the air, the blue grey colour dlsapoeared
and a purc white product was obtained.

6, Influence of carbon dioxide,

Since the starting mixturce of MglO and A1 O  and also the
AL O sieve fraction of 4Oy had been exhausted ¥t was necessary
to 8¢ a frosh mixture of 751 was used. On  account of the
considerably different particle size of the corundun, the
comparative value in a current of nitrogen had to be re-dctermined
~and is shown in Fugure 12.

The results of experiments made with the some mixture in an
atmosphere of carbon dioxide are also shown in Figure 12.

7. Influence of ammonia,

The ammonia gas used was taken from a bottle and was dried with
soda lime and magnesium perchloratcs Before and after the reaction,
the furnace had to be well waoshed out with nitrogen, since at the
“temperatures employed, ammonia 1s almost completely decomposed into
nitrogen and hydrogena )

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030012-3



Approved For Release 2007/1 0/23 : CIA-RDP78-04861A000400030012-3

=40

Figure 12 shows the results of experiments carried out on
the mixture described in the preccding sectiomn.

8, _Influence of sulphur dioxide,

The sulphur dioxide employed for this purpose was taken from
a bottle and dried with sulphuric acid and PBOS'

After the reaction, the compacts were not so strongly
sintered as in the previous reactions. Pigure 12 shows the
conversion valuecs obtained.

V. Reaction Zn0 + AlQOa

1, _Reaction in nitrogen atmosphere.

In weighing the portions for this system, an AlgOs sieve

fraction of the particle size LOp was used, The compacting
pressure was 2.5 t/em® ,  In this system, as in thc system
MgO/Al O , the titration was also carried out directly in the
suspengign without first filtering.

Figure 13 shows the results of the experiments carried out
in an atmosphere of nitrogen.

2, Influence of compacting pressure,

Curve 1 in Figure 9 shows the results of the experiments
carried out in the usual way.

3+ Influence of carbon dioxide,

Figure 13 shows the results of experiments, in which the
influence of carbon dioxide on the reaction velocity in this
system was investigated. The gas atmosphere_employed was a
mixture of nitrogen with 1 /4 Co_of pure CO9 .

L, Influence of the particle size.

In order to investicate the influence of the particle size
on the reaction velocity, a number of mixtures were made with
Alee in different particle sizes measured under the microscope.

Pigure 1k shows the results of these experiments, The figure
indicates the particle size of the Al O _for each mixture. The
zine oxide used was the same preparatgoﬁ as 1in the preceding
experimentse

In this case, these substances could not be mixed in the
"Multimix", because the particle sizes of the AlgOa might have

been altercd by the grinding action of the machine. To avoid this,
the weighed portions, calculated in the molar proportion 1 : 1 were
shaken in a glass-stoppered bottle for 8-10 hours on a shaking machine.

*
+
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In these experiments, the gas atmosphere was nitrogen; the
compacting pressure was 2,5 t/cm?, Tn all the experiments, the
furnace temperature was 1048°C.

VI. The system océto/_uaoa

The attempt to investigate the reaction velocity in the
system CdO/AJ_QOa failed, since at the temperatures necessary for
securing a reasonable conversion, the rate of evaporation of the
cedmium oxidé wasz of the same order as the rate of formation of the
spinels The experiments had to be abandoned for the time being
without result, - ‘ "

VII, Reaction MgO +.FeBOB

In this system also, the molar ratio was 1 i 1; the substances
were mixed as usual and compacts were made from this mixture under
a pressure of 2.5 t/cm® , The FeQOs weighings were taken from a

_sieve fraction of the particle size 15§ .

Difficulties were encountercd in the titration, since small
quantitics of the spinel or of the iron oxide activated by the
rcaction (about 12 mg, maximum 3 mg) werc dissolvcd in the 0.1
n~hydrochloric acid on digesting the substance on the water bathj
this interfered with the titration because before the change in
colour of the methyl red was rcached, the solution became deep
yellow in colour, due to the separation of colloidal iron oxide
hydroxide with incrcasing Py value, this taking place to such an

extent that the change in colour sould no-longer be detecteds

The titration was therefore modified as follows: After filtering,
2 ml of an approximately 1 molar eitric acid solution was added to
the solution, whereby the small amounts of iron were held in
solutions In this case, in the presence of Fe'®' ionms, the
solution became strongly yellow in colour, Bremothymol blue

was therefore used as indieator, since in this solution, its
pronounced change from yellow through green to blue could be
clearly reccognised. - :

1, Reaction in -nitrogen atmosphere,

The hardness of the compacts increased very greatly ag the
resction proceeded; for a conversion of about 30% it was already
so great that the compacts could only be- erushed in a steel mortar.
The colour changed substantially concurrently with the conversion from
the blue grey of the starting mixture to the red brown colour of
the: £inal spinel. o ‘

Tigure 15 shows the results of these experiment§,
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2« Influence of compacting pressure.

The compucts pressed under diffierent pressures were heated
in a nitrogen atmospherc together with the loose powder mixture,
Figure 9, cwrve 3 shows the results of these experiments,

3e_Influence of oxygen.

Figurc 15 shows the results of the cxperiments in
commercial nitrogen (3.5% O,)’ in air and in pure oxygen at

two different temperatures,

Cs__Discussion of the experimental results,

Ls Tempcrature dependence of the investigated reactions

in a nitrogen atmosphere,

1y Fundamental considerations on the calculation

of the reaction velocity constants with refercnce
to the reaction Mg0O + Orsos.

- The calculation of the reaction velocity constants (R.V.C)
for determining the cnergy of activation according to Jender's
equation '

is based on the assumption of a constant particle radius,
Thercfore, using for instance the results shows in Figure 3, we
obtain values for k which are dependent upon time, Since the
smaller grains at the commencement of* the reaction react morc
rapidly and the larger grains are left behind, the partisle

size distribution varics and hence the calculated R.V.C., in

the course of the reaction, Jagitsch (27) has already referred
to this fact in detail,

If, nevertheless, we wish to obtain a survey of the order of
magnitude of the energy of activation, the k values are plotted
against 1/T for the same reaction period, In doing this, the
time will be measured so that the Freponderance of lattice
diffusion over surface diffusion can be scen from the variation
of conversion with time.

In Pigure 16, the R.V.C.'s corresponding to 2 = 10000 sec. for
the rcaction Mg0 + Or’O8 have been plotted logarithmically against

1/T in the usual way, the values of Tuble 1 being token into
consideration. Except for t = 817°C, the values lie fairly well
on a straight line; the discrepancy for 817°C is understandable
since such small conversion amounts are produced substantially
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by surface diffusion and not by lattice diffusion, and according
to Huttig (26, p. 390) the activation energies have different
values for the two kinds of diffusion.’

.- From the straight lines of Figure 16 we cbtain the following
values for the constants of the Arrhenius squation:

k=79% 10 x e 65000/RT (em®/sec. )

2s_ Reaction velocity constants and Arrhenius constants.

Table 1 shows the reaction velocity constants calculated for
different systems with reference to the experimental results of
Chapter B according to the scheme given above,

The third column gives the microscopically measured mean
particle size of both substances used for the calculations; the
- particle size of the MeO is in front of the oblique stroke and that
of the M%()sjs af'ter the stroke. The constants themselves are

shown in column L, being expressed in the unit om®/sec. x 1016.

.+ By plotting these values against the reoiprocal of the absolute
" temperature in Figure 16, we obitain the Arrhenius straight line
of the recaction concerned, the equation for which is shown in

column 6,

As already stated, these numbers merely represent lower
limit values, Whereas in the system MgO/Al O Tanaka (39) found
an energy of activation of 41.1 kecal and henée relatively good
agreement with the value of L6.0 keal found here, Bengtson and
Jagitsch (2) in the system ZnO/AlgOa obtained 98 keal, almost

twich the value given herc, although it should be borne in mind
that in the ocase of the last authors, the experimental conditions
were substantially different, since they did not use a powder
mixture but two compacts pressed against each other,

3s _Qualitative comparison of the reaction temperatures.

If we compare purely qualitatively the reaction temperatures
necessary for obtaining the same conversion in different systems,
it is possible even at this stage to draw some interesting
conclusions.

The maximum reactivity obscrved was found in the system
MgO/FegOs ; then come the systoms cao/c:c-nos, ZnO/CrgOs, ZnO/A'laos,

MgO/Cr’OE and £inally MgO/AILQOs as system with the maximum reaction
temperatureses
These differences in reaction temperatures may be explained

partly’by'diffcrences in melting point and partly by differences in
particle sizea Thus; the order of melting points is F'e’Oa ” Alzoa

and Grgoa: since,.however, the particle size of Alh OB is twenty

times that of Craos, it is clear that this Alnos preparation has a
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lower reactivity than the Cr O _, and therefore comes after the
J 2 g?

latter in the above-mentioned order. If, furthermore, we take
the vacuum reaction as standard reaction for M’gO/CraO3 as is

proposed below (see C, 11.2.a), the difference in the reaction
temperatures is still less.

In the case of thedivalent components, the order of
reactivitics is analogous to that of the melting points (cdo,
Zn0, MgO)s Due to the considerable differences in melting
points, the differences in particle size are not cvident.

Accurate considerations concerning the necessary a -
temperatures for attaining the same conversion are not possible
because definite statements regarding the inactive state of the
starting components cannot be made, since they werc pretrzated
at different a - temperatures: on the other hand, 1t is doubtful
to what extent the melting point values, obtained by diffsrent
methods, can be correlated.

II, Influence of gas atmosphere and vacuum.

1. Influence of oxygen

(2)) on the reaction Mgl + OrgOB .

The experimental results (Figures 5 and 6) show a
surprisingly considerable influence of the oxygen content of the
atmospherc on the reaction velocity. Curves 4 and 5 of Figure 6
are most striking, where the conversion increased to more than
double for an oxygen content of fractions of a peroent, It is
not surprising that this activating influence of the gas atmosphere
has a stronger effect on a loose material than on compacts
(see the bracketed mcasured points in curves 1 and 2)a

It is very likely that this activating effect of oxygen on
the reaction Mgl + Cr,OB is due to the fact that in the presence

of oxygen, an intermediate reaction can take place as previously
indicated by Jander (29) for the system ZnO/Cr’ 0,

According to this, intermediate magnesium chromate would
be formed:

24g0 + Or O + 3/2 0, =+ 2Mglro, j (1)

It may be assumed that this magnesium chromate is not stable
at the temperatures employed and is immediately decomposzd
according %o ‘

2MgCro, -+ MgO + Mglr O, + 3/2 o, | (2)
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In the first place, this assumption is supported by the
fact that the activation energy of this rcaction in the presence
of 3=k O9 is only about 1/3 of the value in a pure nitrogen

atmosphere (see Table 1 : 19900 cal).

FPurther experimental support for this assumption is provided
by the fact that small emounts of chromate ions could be
detected in the filtrates of these experiments by means of the
diphenyl-carbazide reaction.

Tn order to lend further support to this reaction
mechanism, the decomposition temperature of magnesium chromate
had first to be determined and it had to be proved that its
decomposition takes place according to equation (2), since no
information on this point could be found in the literatures

MgCr0, was prepared by introducing MgO in small portions

L
into a solution of 125 g CrO8 Peta in 250 ml of water until

the pH value was 6-7. This solution, filtered from slight
impurities was evaporated under reduced pressure at 60°C to a
dark red, syrupy liquid,

On cooling to 2 ~ 3°C, a thick, yellowish red crystalline
mass separated out which was filtered off and washed with
absolute alcolol and ether. The resulting product consisted of
very beautiful lemon yellow crystals.

Anslysis showed a CrO, content of L3.95{% for an Mg content
of 9.207% (theoretically, for this Mg content the CrO content
should be 43.86%). This composition corresponds wi%h
satisfactory accuracy to the formula MgCrO .7H 0, which according
to Hill (23) should crystallise out below Y6007

.. For determining the decomposition temperature, weighed
portions of 2-3 g of this product were heated in a platinum
crucible in the crucible furnace or in a porcelain boat in a
tube furnace and the loss in weight at different temperatures
was determined.

On heating in air, decomposition commences at 350°C
although very slowly, a deepening of the colour fTowards
orange being observable. At 575°C dissociation becomes more
pronounced (colour commences to change towards green) and is
practically complcte at 620°C,. The entirc loss of weight is
then 16471 or 17.0L; (theoretical loss of weight according to
equation (2) is 15.865).

In a current of nitrogen, decomposition is already
quantitative ot 615°C, the loss of welght is 164 95%s

In a current of oxygen, dissociation is already complete at
630°C; the orange yellow colour persists, however, to 625°C,
and the characteristic change of colour to grey-green the colour
of spinel occurs only then, The total loss of weight is then
17.06%. Even at 575°C the weighable decomposition is very
considerablea
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If the decomposition of MgCr0, occurs according to
equation (2) the Mg0O. content of thg ignited residue should be
17.33% » This was found to be 17+17/

Thus, at temperatures of 600-620°C, magnesium chromate
loses oxygen and decomposes into a mixture of Mg0 and
magnesium chromite,

An attempt to obtain I\rngrOLP in accordance with equation

(1) below its dissociation temperature, as Vasenin (40) and
Ford (5-7) were able to do in the system cao/Crzos/oB was

wsuccessful, nor was it possible, in accordance with the
reverse equation (2) to prepare magnesium chromate from
magnesium chromite, MgO and oxygen. The chromate content of
the products which had been heated for 12 hours in a current of
oxygen at 550°C was not more than O.f = 042% &

It is, of course, not impossible that other compounds
in the system Mgo/brsoa/bg, perhaps like those which Ford
(5~7) found in his investigations in the system CaO/CrgOa/Og ,

or other valency stages of chromium, such as recently found by
Scholder (35) exercise this activating function on the
reaction in the presence of oxygen.

(b) on the reaction Mg0 + a0,

The values of Pigure 11 fail to reveal any definite
influence of oxygen on the reaction velocity; the observed
deviations lie within the reproducibility of a rcaction.

The rate of formation of MgKlnoniS accordingly unaffected
by the oxygen of the atmosphere.

(¢) on the recaction Mgl + FegOs

The values of Figure 15 show a distinct decrease in the
reaction velocity due to the presence of oxygen, as compared
with & pure nitrogen atmosphere,  The extent of the
inhibiting effect of the oxygen at 827°C is independent of the
oxygen concentration, but at 865°C the inhibiting effect is more
pronounced at higher oxygen contents.,

An attempt to explain this fact led to the following
‘consideration:~ The equilibrium ‘

GFeQO3 s 1+F65301‘L + 0,
is shifted in favour of Fesoa in the presence of oxygen.
Simon and Schmidt (36) give 0.5 mm Hg as the equilibrium

_pressure of this system at 1150°C and 1.0 mm Hg for 1200°C;
other figures in the literature are round about these values.
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The rcaction temperatures employed are indeed much lower
than these temperatures of a measurable dissociation, so that
any appreciable thermal reduction can scarcely ocour, It is,
however, quite conceivable that a certain small number of high
energy lattice particles split off oxygen in the surface in
quantities which cannot be detected analytically and may be
transformed into Fe O&’

Since, on the other hand, the conversion FenO8 > F6804 is

accompanied by an extensive lattice transformation, and on the
other hand the active molecules, which as regards energy are
in a position for this, are situated at the important centres
of the surfacc for reactivity, the surface of the FeﬁO:3

preparation, in the absence of oxygen, may be thermally "reduced"
and. the FegOa may thereby be activated. In the presence of

oxygen, this surface dissociation will be repressed and the
reaction velocity thereby retarded.

~ According to Huttig (25), changes in modification may become
notic. able, even 100-200°C below the actual conversion point,
through changes in the surface, and Anderson (1) also found such
"orimary" reactions or "surface" processes in the case of
heterogencous reactions.

2., Reactions in a vacuum.

(b) Reaction Mg + Cr O

Figure 7 shows that the reaction MgQ + Grgoa proceeds much

more slowly in a vacuum than in nitrogen.

It is not ruled out that traces of oxygen still possessed by
the nitrogen purified by the M.R. Tower, and which according to
the literature (32) are less than 10'h%rbring about this increased
conversion in nitrogen as compared with the reaction in a vacuum,
and therefore the vacuum reaction must be regarded as the aotual
"standard" reaction, i.e. it proceeds without the influence of any
foreign gases.

(b) Reaction MgO + Al.sO3

As shown by Figure 11, marked differences can be scen from the
reaction in nitrogen, especially at the commencement, but these
disappear in time. After 40 scconds, conversion is practically
the same in both reactions.

Thus, in the system MgO/AlbOs, the reaction in a vaocuum appears

to proceed with the same velocity as in nitrogens The inhibiting
or promoting influences on the reaction velocity mentioned in the
literature could not be confirmed for the systems investigated
here and presumably are ascribable to the special features of the
systems investigateds
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3, Influence of hydrogen on the rcaction MgO + Alboa

P v—

‘. It will recadily be seen from the results of Figure 11 that
in principle the same applies here as for the experiments in a
vacuum,  Here again marked differences are to be observed,
especially at the commencement of the reaction, but camot be
regarded definitely as real. Such irregularities occur quite
frequently and are ascribable to the generally difficult
reproducibility of reactions in the solid state.

In the reaction Mg0 + Aans a definite influence cannot be

found in hydrogen as compared with the nitrogen reaction, nor
was such influence expected.

L. _Influence of carbon dioxide.

Although, as shown by Figure 12 oarbon dioxide has no
appreciable influence on the reaction veleocity in the system
MgO/AlSOa it does have in the system ZnO/AlsOs .

If 1% 00 was added to the usual nitrogen atmosphere, the

reaction velocity was practically the same as in a pure
nitrogen atmosphecre; in a pure CO’ atmosphere, however, a

definitely higher reaction velocity can be observed.
This difference in behaviour is difficult to explain,
since the increase in reactivity be the creation of fresh

surfaces from an equilibrium situated on the side of MeC for a
possible intermediate reaction

MeO + COs % MeCOs
ought to be applicable for Zn0 and for MgO.

Evidently, such loosening of the surface for the system
I\A'gO/’AlgO“3 is not sufficient to influence the greater inertia of

this system, to which reference has already been made, especially
since, in this case, the Al.gOa preparation egployed had a

considerably particle size,

5. Influence of ammonia on the reaction Mg0 + Albos

As shown by the values of Figure 12 an ammonia atmosphere

does not exert any visible influence on the reaction Mg0O + Aana .

This means that the establishment of the equilibrium

2NH = N_+ 3H
s s 2

11

on the surface of the reaction mixture is without effect on the
reaction velocity in this system.
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6. Influence of sulphur dioxide.

The values of Figure 12 show a definite reactioﬁ—promoting
effect of sulphur dioxide on the reaction L&O + Al2 O3 .

There was the possibility that considerable amounts of
MgSO8 were formed in the compacts, so that the MgO employed was

no longer available for titration. Although this sulphite was
very probably decomposed on digesting with hydrochloric acid, it
is not certain whether the liberated SOS was completely expelled

on the water bath or consumed additional hydroxide in *titration.
Since, however, the SO2 content of a compact after the reaction

was less than 1%, the strikingly high conversion values do not
appear to have been produced by combined SO but are real,

This phenomenon was not investigated further.

IIT, Influence of contact possibilities.

1. Influence of compacting pressure.

If we compare the compacting pressure curves shown in
Figures 4 and 9, the shape of the curves in the various systems
is very different; certain uniform characteristic effects may,
however, be ocbserved and they appear to have a generally
valid significance.

Considering first of all the compacting pressure
dependency in the system MgO/bra Os (Figure L ),which was

investigated more closely, it is found that the conversion at
first remains constant with increasing compacting pressure
between a pressure of O and 3 t/bmz, whence it increases
substantially linearly to about 6.5 t/em?; from that point
there is only a slight increase until the maximum compacting
pressure investigated.

The fact that the conversion remains constant up to a
certain pressure and then 'suddenly increases permits of two
possible interpretations: :

~(a) As has already been shown, this reaction may be
increased considerably by traces of oxygen. There is now the
possibility that the air enclosed in the compacts during the
pressing operation, from a certain compacting pressure onwards,
is no longer displaced from the compacts in washing out the
reaction tube with nitrogen; the oxygen thus retained in the
compacts would then be responsible for the increased conversion,

i (b) From the known compacting pressure onward, a destruction
of the grains of the substance occurs, thereby providing fresh
surfaces of fission and fresh possibilities of reaction, causing

- the increased conversion. . IR

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030012-3



Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030012-3

20 -

As shown by the results of an experiment carried out in
e vacuun with the pump running (see Figure Lb, curve 2), the
same compacting pressure dependency occurs in a vacuum as in
nitrogen. The first of these two possibilities is thus
eliminated.

To be able to support the second possible interpretation,
it must be remembered that the hardness of the grains plays a
considerable part. This hardness depends largely upon the nature
of the pre-treatment and hence upon the sintering temperature.
For this rcason, it was of interest fo repeat the experiments
with a mixture of MgO and unsintered GrQOa.

As shown by curve 3 in Figure Lb, there are two increascs
in the conversion by increased compacting pressurc, at 0.75
and at L t/cm®., However, there is definitely no increase at
3 t/cm? as in the reactions with sintered chromic oxide.

On the assumption that the increase in the conversion due
to increased compacting pressure results from the crushing of
the CrEOa particles, the unsintercd CraOa appears to contain two

groups of particles of different hardness, so that at a pressure
of 0.75 or L4 t/cm® fresh possibilities of contact are provided
which cause the increase in the conversions

To avoid errors, it must be emphasised at this point that
by "hardness" of the particles or grains we do not mean the
hardness of the substance in the mineralogical sense - because
this cennot of course be affected by sintering, but the hardness
f a sintered grain, i.e. the mechanical ability to support stress
possessed by the contact surfaces of the single crystals of which
the particle is composed.

This effect that the conversion increases from a certain
pressure due to the breaking up of the grains of substance,
besides occurring in the system MgO/CraOabis also very

pronounced in the system M’gO/FeQO3 at a pressure of 5 ‘t/cm2

(see Figure 9, curve 3), In this latter system, apart from

the “fracture effect", a sccond effect has been found responsible
for the increase in the conversion: Between O and 3 t/cm® a
considerable increase in conversion can be cbserved. It

cannot be assumed that this slight pressure can already exercise
a grain-crushing effect; on the contrary, in this case the
pressure causes the particles to approach each other, that is to
say, it results in a better contact of the grains, and so will be
the cause of the increased conversions

This effect will preferably occur at low pressures.
In the dependence upon compacting pressure in the system

Zn0/Cr Os’ two different effects can clearly be observed. In
additi8n®to the increase in conversion caused by the compacting
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Pressure, the drop in the conversion curve between the compacting
pressure Ot/cm® and the compact with the lowest compacting .

[ . pressure meagsured is remarkable. This confirms the phenomenon

~found by Fricke (L) and Forestier (410) and the reaction in the

- compact, particularly at low compacting pressures, may proceed
more slowly in the compact than in the loose powder,  Fricke
explains this by the fact that, in the loose material, the points
of growth can adjust themselves to each other more readily than
in the pressed material. Perhaps this phenomenon may be
expained better by stating that certain active corners and edges,
which are situated in the surface of the grains and along which
diffusion to the reaction partner can take place, become blocked
in the compacting process so that they are rot available for
diffusion.

Apart from the system ZnO/brgOs, this phenomenon is also found
to be very pronounced in the system ZnC/AlsOB and 1ess‘pronounced
in the systems Ca0/Cr 0 and Mg0/AL 0 (see Figure 9)s  Apart from

such "blocking", the three lagt-mentioned systems do not appear
to be affected in their reactivity by a variation in the compacting
Pressure. . I

Accordingly, three different effects are to be distinguished
in the influence of the compacting pressure on reactions - in the
solid state, which probably overlap each other in their :
dependence upon the nature and structure of +the grains.

(a) An increase in conversion, due to the purely gecmetrical
approach of the particles.

(b) An increase in conversion, due to the:crushing of
individual substance grains at certain compacting pressures,.

(¢) 4 reduction in conversion by the blocking of possible
favourable means of diffusion in the surface. :

For a rational interpretation of the compacting pressure
curves it would probably first be necessary to have statistically
adequate experimental material, for which a satisfactory
interpretation would be possible by systematically varying the
experimental conditions and suitably selecting the components.,

2. _Influence of the particle size.

This influence was investigated only in the system ZnO/AlQOa .

Aé’Figure 14 shows, the conversion obtained for all the particle
sizes of A'lQOB employed is the same within the limits of error,

although the latter vary by the factor of three. Any possible
conclusion can therefore at present only refer to this special case,

However, this peculiar result at first appears to contradict all
existing notions concerning the dependence of solid state reactions
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upon the particle size (27, 28 inter alia). It might possibly
be explained according to Tanaka (39) by the fact that the AlQO3

migrates on the Zn0 or, in the case of the formation of a reaction
layer, diffuses into the latter to the Zn0.

According to his experimental results, Tanaka considers this
mechanism to be very likely., He believes that above all in
reactions, whose character is strongly determined by surface
diffusion, the particle size of the diffusing component is only
of slight significance, whilst the particle size of the cémponent
on which the reaction product grows, affects the reaction velocity
in the sense of Jander's formula (28).

Such an assumption of the diffusion of Alhoa to. Zn0, however,

is in direct contradiction with the results of Bengtsor and
Jagitsch (2), who found that the direction of migratior was
definitely in the opposite direction for the system ZnC/llgOa.

Apart from the fact that all thermal data support the results
of Bengtson and Jagitsch, the considerable difference in the
particle sizes should be borne in mind in the present case. It
maey act upon the conversion like a variation in the mixing
proportions of 1:1, depending upon the excess of the component
whose direction of migration determines the reaction.

In conclusion, the influence of the mixing méthod employed

~ on the conversion of the reactions herein described will be

considered.

If we compare the values of Figure 13 with those of Figure
1L, we £ind that in the former, the conversion values are
substantially higher (for example about twice as high for 1000°C.
The only difference in treatment of the two starting mixtures
was that the preparation of the mixtures for Figure 13 took place
in the "Multimix" and for Figure 4 on the shaking machine,

The objection that the higher conversion in Figure 13 was
caused by a grain-crushing action of the Multimix is invalid,
because the results of the above section have clearly shown
that the particle size of the Alzoa is without influence on the

reaction velocity; since, on the other hand, the particle size
of the Zn0 is only about 2 - 5% of that of the corundum, it is

unlikely that its particle size has been materially altered by

the Multimix treatment.

The reason for this difference probably resides in the fact
that the individual Zn0 grains readily agglomerate to form very
small, loose spheres which persist in the mixing on the shaking
machine, so that a homogeneous mixture is not obtained. These
spheres, however, are not stable to the vigorous mixing action
of the "Multimix" but are broken up into their constituents.
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For this reason, therefore, a much more homogeneous mixture
can be produced in the "Multimix" than by mixing of moderate
duration on the shaking machine, since it cannot be assumed that
a mixture which after 10 hours is still at least 50% from being
an ideal mixture, will have approached this degree of mixing to
any considerable extent after say ten times as long, This shows
the extent to which the results of s0lid state reactions depend
upon the working conditions.

IV, Final remark.

The results obtained in the present work do not serve to
simplify the by no means very simple picture of the reactivity of
solida, It is showvn that the course of s0lid state reactions
may be influenced in very different ways. It is at present not
possible satisfactorily to co-ordinate the observed facts with

" reasonable notions of the mechanisms of such reactions.,

The possible interpretations proposed in the paper are to be
supported by enlarging the experimental material .
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E, Summary.

1. It is intended to provide a contribution to the problem
of the influence of foreign gases and contact possibilitiss on
the reactivity of solid substances.

2. An apparatus is described, in which the course of
solid state reactions with time can be followed in definite
gas atmospheres.

3, A simple analytical method is given for determining the
conversion in spinel reactions,

5. The temperature dependence of the reactions MgO + CrBOB,
Z?O + GrgOa, Cao + CrSOS, MgO + AlgOa, Zn0 + AJ_QOa and Mgd + FeBOs

has been investigated and the corresponding constants of the
Arrhenius equation given,

5. In the action of the compacting pressure on the reaction
velocity, three different effects are to be distinguished; in
certain circumstances, these effects overlap; they were found
definitely in the following systems:

(a) MgO/FeQOS
() M,go/FeBo3 and MgO/Crzoa,
(e) NnO/CrEOQ and ZnO/Alaos.

The systems M;gO/A;lBOa and Cd.O/CrQOs show 1little or no

dependence of the conversion upon compacting pressure,

6, Whereas in the system MgO/llnoathe particle size of the
Alea has a distinct influence, in the system Zno/A]bOa a
variation of the particle size of the AlaoB by the factor 3 has no
effect on the conversion obtained.

7. If the starting mixture is mixed in one case on the shaking
machine and in the other case in the Multimix, there is a difference
in the degree of mixing which, in the case of the latter method of

mixing and in the system here investigated, results in a reactivity
which is almost twice as great.

8. Oxygen promotes the reaction velocity in the system
M'gO/GrQOa very greatly, so that oxygen contents of a few tenths of

a percent can double the conversion. There probably occurs here
an intermediate reaction of the type.

2 Mg0 + Cr 0 + 3/2 0, - 2Mglro, (1)
2 MgOr0, - MgO + Mglr 0, + 3/2 0, (2)

To confirm this, the decomposition temperature of MgCrOA wa.s

determined; it is 610 £40°C. In addition, it was shown by
analysis of the solid decomposition product that the decomposition of
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Mg0r04 takes place in accordance with equation (2)

In the absence of intermediate reactions which are
influcnced by GQ, the latter was fpund not to have any effect.

Thus, for example, in the system 'M'g,O/Al2 0, the reaction in

oxygen proceeds at the same veloeity as in nitrogen. On the
other hand, oxygen exercises a definitely inhibiting effect on
the reaction Mgl + FegO8 as compared with the same reaction in

nitrogen. This is explained by the fact that in a nitrogen
atmosphere, a surface thermal dissociation of FeQO8 to FeaO4

may occur substantially below the actual dissociation
temperature, whereby the FegOs is rcactivated. This thermal
dissociation is repressed by the presence of oxygen and the
activating action of the nitrogen is cancelled.

9. In the temperature range investigated, hydrogen has
no appreciable influence on the reaction Mgl + Algoa.

10, The same also applies for equilibrium mixtures of
gases. In the system MgO/'Aan3 , ammonia gas or the presence

of the components Hz and NQ from the equilibrium ZNPI:3 = N, + 5H2

is without influence on the reaction velocity.

11, It was not possible to detect any influence by COgon the
reaction velocity in the system MgO/AIEOa, whilst the reaction
Zn0 + .AlgOa is distinctly accelerated by CO_.

12. Gaseous SOQinoreasos the conversion in the system
MgO/Alhosto a considerable extent, an intermediate reaction

participating in certain circumstances.

13. The reaction MgO + GrRO3 takes place in a vacuum

(10—1mm Hg with pump running) much more slowly than in nitrogen,
it being not impossible that the traces of oxygen still present
in the purified nitrogen are the cause of this increase in the
conversion,

The reaction MgO + Alaoa has substantially the same

velocity in a vacuum as in nitrogen,
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TABLE 1.

Reaction velocity constants and Arrhenius equations of the

2ystems dealt with in the present paper.

3 i Reaction ! Arrhenius
System Conditions Particle velocity | £(°C) equation:
Size constant k =
; |
MgO/CrgOs 1:1,1\12 2/2 by 2 817
] 15,7 915
; 74,0 997
{ 592 1095
1970 1195 | 7,9-10%+ 0 64000/RT,
Mgo/brgoa 1:1,N + 3,5% 0 2/2 246 817 |
2 2
500 915 10
903 997 | 2.44107'%+ e719900/RT
Mg0/Cr 0 1:1 Vacuum 2/2 4,2 915
z e 46 995
317 | 1095 | 3,7-1073.™69000/RT
Zno/'Crzo3 1:1,1\13 2,6/2 21 820
162 905
426 950
818 990
1390 | 1030 | 3,5°10~%.¢56000/RT
cao/c:-soB 1:1,N2 &/2 23,4 783
130 865
290 910
140 | 978 | 1,2:107k g752000/RT
Mgo/Alaoa 131, N 2/40 53 918
780 1018
1440 1048
3310 1125
| 7860 | 1217 | 4,204076.e —46000/RT
ZnO/Alzoa 13,8 2,6/40 110 835
2860 900
13150 985
281,00 1055 | 9.1+10-6,-¥5400/RT
Mgo/Feao3 1:1.1\12 2/15 L5 783
770 827
1920 865
8250 927
13200 1020 | 4.3+40-1.e61400/RT
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{In these Figures, U = cpnurnlou and 2 = Time) )

Fig.3: Mg0 + Or 0, 1:1; 3.13 t/ea?;
"2 atmosphere. Fig.4: MgO + 0'203. 1:1;
Compacting pressure dependence.
(a) Reaction in N
b) =y ——m
( ) —:-—— - szcl"lll
o—— = Unsintered c:,o’

o 8 Z N

' L
hralt pitowts —-

2

—w N w w & 5
™Y 7w = 2 ‘»
Fig.5: NgO + Cr 1:1; 3.13 t/ca*; 1:1;
Ny + gogx 0, 3.13 t/c2?; Vacuua.

Fig.6: NgO + Crj0 L:1; 3.13 t/cn?;

t = 915°C; 0, influeace. Fig.s: a0 + Crp04 1:1: 2.5 t/ca?;

L N, atmosphere.

@
' .
: /‘—_—_‘
u W
/ 7
4 e R
1
; Z /‘-—‘T‘ !
i -
¢ 2 + . é v
povomy -

e
Fig.9: Zn0 + Cr203. Cdo + Cr203. MgO + A1203,
Zn0 + Alz04 NgO + Fe0O5;
Compacting pressure depandence.
], =—— x === = Zn0 + uzo’
2, —— O —— = In0 + Cr,O’
3. ° = Ngo + Foza’
4
s

.-——o——lCdO'O-CrzO’
i- .—+——-u¢o+u,o’
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Fig.10: GO + Crj0, 1:1; 1.25 t/ca?;

N2 atsosphere

= = = - Probably real values.

Fig.1l: NgO + ALy 1:1: 2.5 t/ca?;
Nymw— o0 —

O=nN,+ 3.8% 0,. 1018°c Q= H,. 1018

A= N, + 208° 0,. 1018%c + =4, 1118
o= o0, 1018°c o = H,. 1108°C
v = vacuum, 1018°c x = Hy 1212%
A= vacuum, 1108%¢c

@& A w w &y
Limm: - -

tas
Fig.13: Za0 + A1,0, 1:1; 2.5 t/ca?,
N2 atmosphere and @, influence

== 08— u reaction in N
X = reaction in Nz + 1% oo,. 910%c
o = reaction in oo,. s10%c.

fEe

Fig.15: Mg + Fo,0. 1:1; 2.5 t/ca?;
N2 and 02 influence

== = reaction in N, atwosphere
Cl= reaction in N_ + 3.5% O’. 227%¢c
® = reaction in N. + 20% 0,. 827%
A= reaction in 0’ atmoaphere, 827°C
V= reaction in Ny + 3.5% 0, s6s°c
@ = reaction in N, + 20% 0,. #8s°c

Lo L I XY

i
'

i

Y v . R — St
T ow A o e

iy L imr -

Flg.12: NgO + A1,0, 1:1; 2.5 t/cu:

NHa and 932

—— ®—— = reaction in N
x = C0,, 1045°c O = i, 10s5°c
+=00,, 1116°¢ A= 50,. 1016°c

° = Ny, 1048°c ¥= $0,. 1060°c

2 - R
Iy iy —=

Fig.14: 200 + AL 0, 1:1: 2.5 t/cu?; N,
Dependence upon particle size,

ox =_Al,0, particle ajgze 33 M
+ = u’o_, particle gixe 75 o
o= Al O

20y particle size 125 11
A= 41201 particle sige 158 11

Fig.18: Arrhenius straight lines for the
treated systeas.

= NgO + Cr’o’. N,

= MgO + Cr,O,. N’ + 3.5 02

3.——+—— = W0 + Cr,0,, vacous

= 280 + CI:O_‘. ,,

. e\ e = CdO 4 Cr?O’. N:
= M40 + AL0,, N,
?.,~—8—— = In0 + 410, N
-

1. — —

2, —— g mma
£ ——— O —

& —0Q—

23 T2
NgO + '0’0,. N:

8. b U S d

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030012-3



